Leading theoretical explanations of recency effects are designed to explain the reported absence of a word frequency effect on recall of words from recency serial positions. The present study used a directed free-recall procedure (J. J. Dalezman, 1976) and manipulated the frequency composition of the word lists (pure and mixed). Overall, with pure lists, a greater proportion of high-frequency (HF) words were recalled than low-frequency (LF) words, and with mixed lists, a greater proportion of LF words were recalled than HF words. Of importance, this recall advantage for one frequency over the other as a function of list composition was evident across the last three serial positions, indicating an influence of word frequency on recency effects that is dependent on the frequency composition of the lists. These results challenge one of the major assumptions on which several theories of recency effects have been based.
Studies investigating the influence of a word's written frequency on recall performance have found that people are more likely to recall high-frequency (HF) words than low-frequency (LF) words (Deese, 1960; DeLosh & McDaniel, 1996; Duncan, 1974; Gregg, 1976; Gregg, Montgomery, & Castaño, 1980; Hall, 1954; May & Tryk, 1970; Sumby, 1963; however, see DeLosh, McDaniel, & Merritt, 2001 , with related word lists). This recall advantage for HF words over LF words traditionally has been termed the frequency effect. However, this pattern of results is found most often when lists contain words from a single frequency range (so-called "pure" lists; e.g., a list containing only HF words). When a list contains words from two frequency ranges (so-called "mixed" lists), the level of recall of the LF words is equal to, or often greater than, that of the HF words (DeLosh & McDaniel, 1996; DeLosh et al., 2001; Duncan, 1974; Gregg, 1976; Gregg et al., 1980; May & Tryk, 1970 ; however, see Balota & Neely, 1980 , with very long word lists).
A majority of these word frequency studies has focused on the influence of word frequency on overall recall performance. A limited number of studies have attempted to investigate the influence that word frequency has on recall of recency and prerecency items (Raymond, 1969; Sumby, 1963) . Sumby (1963) presented pure lists containing words from one of four possible frequency ranges. These 15-word lists were presented for immediate free recall. Sumby found that an equal number of HF and LF words were recalled in recency serial positions and more HF words were recalled than LF words in prerecency serial positions. Important to the present research, Sumby noted that participants were more likely to start from the beginning of the list when recalling HF words, whereas participants were more likely to start from the end of the list when recalling LF words. This difference in output order as a function of word frequency is important because later studies (Bjork & Whitten, 1974; Dalezman, 1976) observed that differences in recall order could significantly impact the magnitude of recency effects. Dalezman (1976) found that when recall of words was begun from the beginning of a list, recency effects were reduced significantly or eliminated. When recall was begun from the end of the list, recency effects were enhanced. The lack of influence of word frequency on the recency effects reported by Sumby (1963) could therefore be due to the systematic difference in the order of participants' recall as a function of word frequency.
Unlike Sumby (1963) , a subsequent study (Raymond, 1969 , Experiment 1) investigating the influence of word frequency on recency effects presented mixed frequency lists containing an equal number of either HF and LF words or HF and LF nonsense syllables. Although Raymond (1969) did not report separately the analyses for words and nonsense syllables as a function of item frequency, she did report that with immediate recall, HF items (i.e., both words and nonsense syllables) were recalled more often than LF items only in prerecency serial positions, whereas in the recency positions, no difference in the number of items recalled as a function of item frequency was found. Because her observation of greater recall of HF than LF items in mixed lists is inconsistent with extensive existing research, Gregg and Castaño (1978) replicated Raymond's (1969) first experiment but analyzed the words and nonsense syllables separately. Analyzing the mean proportion of words recalled as a function of word frequency, they found a greater proportion of LF words recalled than HF words-a finding consistent with the existing literature. Unfortunately, Gregg and Castaño did not report recall results for recency serial positions.
Because of Raymond's lack of separate analyses for words and nonsense syllables, her study does not provide evidence as to how word frequency influences recency effects in mixed lists.
In summary, two immediate free recall studies have both observed no differences in the level of recall of HF and LF words in recency serial positions, but large differences in the level of recall of HF and LF words in prerecency serial positions. However, the recency results with pure lists were confounded with recall order (Sumby, 1963) , and the results with mixed lists were unclear because the recall results for words and nonsense syllables were analyzed together (Raymond, 1969) . These confounds call into question the conclusion that no frequency effect exists in recency positions, which is important because three leading theories of recency effects (Baddeley & Hitch, 1993; Bjork & Whitten, 1974; Glenberg et al., 1980) were designed, in part, to account for the reported absence of an influence of word frequency on recall of words in recency serial positions found in Sumby's (1963) and Raymond's (1969) studies. Therefore, it is important that these studies be replicated without the confounds of output order with pure lists, and without the use of mixed lists containing nonsense syllables.
Therefore, one goal of the present study was to determine whether word frequency has a significant impact on the magnitude of the recency effects found in pure lists when recall is begun from the end of the lists for both HF and LF lists. For this purpose, recall instruction was manipulated. Participants were instructed to recall the first three words (begin-list instructions) or the last three words (end-list instructions), before attempting recall of the other words from the list. This directed free-recall procedure was similar to that used by Dalezman (1976) . Although performance with end-list instructions was of primary interest, the begin-list instruction was added in an attempt to force participants to attend equally to items presented at the beginning and end of the lists. Therefore, recall results from lists presented with begin-list instructions will not be discussed further.
The second goal of this study was to assess what impact list composition has on recall of the words in recency serial positions. Because Raymond (1969) , who used mixed frequency lists, analyzed together the recall results for words and nonsense syllables, we do not know how recency effects might be affected by word frequency in mixed lists. For this purpose, the frequency composition of the lists was manipulated.
According to the theories of recency of Baddeley and Hitch (1993) , Bjork and Whitten (1974) , and Glenberg et al. (1980) , recall of words in the recency serial positions is predicted to be unaffected by the frequency of the words (i.e., HF or LF) or the frequency composition of the lists (i.e., pure or mixed). However, both word frequency and list composition are predicted to have a large impact on recall of prerecency items (Deese, 1960; DeLosh & McDaniel, 1996; Duncan, 1974; Greene, 1986; Gregg, 1976; Gregg et al., 1980; Hall, 1954; May & Tryk, 1970; Raymond, 1969; Sumby, 1963) . Therefore, this experiment is an important test of three leading theories of recency effects.
Method

Participants and Design
Forty undergraduates from the University of Colorado at Boulder participated in partial fulfillment of an introductory psychology course requirement. The three independent variables were word frequency (high vs. low), recall instructions (begin-list vs. end-list), and list composition (pure frequency vs. mixed frequency). All three variables were manipulated within subject.
Materials
A total of 160 content words were selected from the Kučera and Francis (1967) word frequency norms.
1 All words were monosyllabic or bisyllabic and ranged in length from five to eight characters. Half of the words were HF words occurring more than 100 times per million (M ϭ 216.84), and half were LF words occurring between 1 and 5 times per million (M ϭ 2.88). Although prior researchers have not attempted to equate word lists on dimensions other than frequency (Raymond, 1969; Sumby, 1963) , imageability was equated in this experiment across the two word pools because it has been shown to influence the level of immediate recall of words (Cubelli, Curione, & Bisiacchi, 1999; Kutinsky, 1997) . The HF words had a mean imageability rating of 525.0 (SEM ϭ 5.14) and the LF words had a mean imageability rating of 523.9 (SEM ϭ 6.63, Coltheart, 1981) .
Each participant received 1 practice list and 16 critical lists, with 10 words in each list. The practice list consisted of common three-letter words. Eight of the critical lists were pure lists. Four contained only HF words, and 4 contained only LF words. The other 8 critical lists were mixed frequency lists, and each list consisted of 5 HF words and 5 LF words. The method for creating the mixed lists was similar to that used by Raymond (1969) . For 4 of the mixed lists, the order of presentation of the HF and LF words was determined randomly. For the other 4 mixed lists, the order of presentation of the HF and LF words was reversed. For example, if one of the randomly determined lists was HLHHLHLLLH, then the reversed-order list would be LHLLHLHHHL. This constraint was imposed to equate word frequency at each serial position across the 8 mixed frequency lists. Half of the mixed frequency lists of each type (i.e., randomly determined and reverse-ordered) were presented with begin-list instructions and half were presented with end-list instructions. This manipulation resulted in 2 HF words and 2 LF words at each serial position and in each recall-order instruction condition for both word-list compositions for each participant. The order of presentation of the 16 lists was determined randomly. For both pure and mixed lists, the words were selected randomly without replacement from the appropriate frequency word pool.
Procedure
Each participant was tested individually. An Apple HyperCard program on Apple iMac computers controlled the order of presentation and display of the stimuli. The order of presentation of the 16 lists was determined randomly at the beginning of the experiment. Each list was preceded by a 5-s message indicating the start of a list. Each word was displayed for 1 s (Raymond, 1969) in the center of the computer screen, with a 1-s interpresentation interval. Participants were instructed to say aloud each word as it was presented. Following the 10th word, either the begin-list recall indicator (1, 2, 3 , . . . ) or the end-list recall indicator (10, 9, 8, . . . ) was displayed for 2 s in large digits in the middle of the screen. Participants had been instructed that when they saw the begin-list recall indicator, they were to attempt to recall the first three words before recalling the other words, and when they saw the end-list recall indicator, they were to attempt to recall the last three words before recalling the other words. A smaller version of the recall-direction indicator was visible during the entire recall period. Participants typed their responses on the computer keyboard and after the Enter key was pressed, each word was transferred to a "recalled" list, which was visible during the entire recall period. Although displaying words recalled previously has been shown to influence the pattern of recall results (Raaijmakers & Phaf, 1999; Slameka, 1968) , this procedure was chosen to remain similar to previous word frequency studies using written recall, which has the unavoidable feature of the recalled words being visible during the recall period (Raymond, 1969; Sumby, 1963) . Participants were given 1 min to recall the words, after which time the presentation of the next list was initiated automatically.
Results
Overall Recall
A repeated measures analysis of variance (ANOVA) was performed on the mean proportion of words recalled correctly with end-list instructions as a function of word frequency (high vs. low), list composition (pure vs. mixed), and serial position (1-10). An alpha level of .05 was used for all analyses reported.
Neither word frequency, F(1, 39) ϭ 1.07, MSE ϭ 0.10, nor list composition, F(1, 39) ϭ 1.24, MSE ϭ 0.07, had a reliable effect on overall recall. However, these two factors interacted reliably, F(1, 39) ϭ 29.44, MSE ϭ 0.11, with a greater proportion of HF words recalled in pure lists (M high ϭ .60 and M low ϭ .50) and a greater proportion of LF words recalled in mixed lists (M high ϭ .53 and M low ϭ .60). As expected, there was a reliable effect of serial position, F(9, 351) ϭ 59.78, MSE ϭ 0.14, and serial position interacted reliably with list composition, F(9, 351) ϭ 2.73, MSE ϭ 0.08. Averaged across pure and mixed lists, word frequency and serial position did not interact reliably, F(9, 351) Ͻ 1. The three-way interaction was reliable, F(9, 351) ϭ 2.15, MSE ϭ 0.09 (see Figures 1A and 1B) .
Mean output percentiles (Bjork & Whitten, 1974) were calculated as a function of word frequency and list composition for each serial position (see Table 1 ) to determine if participants re- called the last three words before earlier words with end-list instructions. The lower a percentile is for a serial position, the earlier the words from that serial position were output. As can be seen in the data, on average, words in later serial positions were output before words in earlier serial positions. No large or systematic differences between the output percentiles as a function of word frequency or of list composition exist across the input serial positions.
Recency Effects
Recency effects are, by definition, recall advantages for items at the end of lists relative to items in the middle of lists. However, no statistical test of recency effects is used unequivocally, with the majority of studies comparing the absolute level of recall for the last few list items across levels of the independent variable (IV; e.g., Raymond, 1969; Sumby, 1963) , and a few comparing the relative level of recall among the last few items within each level of the IV before comparing across levels of the IV (e.g., Glenberg, Bradley, Kraus, & Renzaglia, 1983 ). The present data will be analyzed using the more traditional method of comparing absolute levels of recall across levels of the IVs.
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The mean proportion of words recalled correctly at each of the last three input serial positions, as a function of word frequency and list composition, was submitted to a 2 (HF vs. LF) ϫ 2 (pure vs. mixed) ϫ 3 (recency serial positions) repeated measures ANOVA. There was no reliable effect of word frequency, F(1, 39) Ͻ 1, and no reliable effect of list composition, F(1, 39) Ͻ 1. Of importance, there was a reliable interaction of these two factors, F(1, 39) ϭ 6.15, MSE ϭ 0.06, with a greater proportion of HF words recalled than LF words in pure lists (M ϭ .87 and M ϭ .80, respectively), and a greater proportion of LF words recalled than HF words in mixed lists (M ϭ .84 and M ϭ .80, respectively). As an indicator of the presence of recency effects, there was a reliable effect of serial position, F(2, 78) ϭ 71.63, MSE ϭ 0.07, with a greater proportion of words recalled at later serial positions than earlier serial positions (M 8 ϭ .63, M 9 ϭ .88, M 10 ϭ .97) Most important, there was a reliable three-way interaction, F(2, 78) ϭ 6.64, MSE ϭ 0.04 (see box insets in Figures 1A and 1B) .
Discussion
The present overall recall results indicate more HF words were recalled than LF words when the words were presented in pure lists and recall began from the end of the lists. This finding is consistent with many previous studies of word frequency. However, more LF words were recalled than HF words when the words were presented in mixed lists. In contrast to previous studies, the present results indicate a difference in the absolute level of recall in recency serial positions as a function of word frequency that is dependent on the frequency composition of the lists. In the last three serial positions, more HF words were recalled than LF words with pure lists, and more LF words were recalled than HF words with mixed lists, and the influence of word frequency on recall of words in the last three serial positions depended on the frequency composition of the lists.
This later finding is in contrast to previous studies that investigated the influence of word frequency on recency effects (Raymond, 1969; Sumby, 1963) for the reasons noted earlier. These results are important because they challenge one of the major assumptions on which several theories of recency effects have been based (Baddeley & Hitch, 1993; Bjork & Whitten, 1974; Glenberg et al., 1980) , namely that recency effects are not influenced by the frequency of the words presented in a list. In addition, the observation that the influence of word frequency on recall of words in recency serial positions is dependent on the other words in the lists is even more problematic for these theories. Both the position distinctiveness (Bjork & Whitten, 1974) and the contextual distinctiveness (Glenberg et al., 1980) hypotheses assume recency effects are the result of the distinctiveness of information from outside of the list items (e.g., list position, psychological context) present during the encoding of list items, and not itemspecific information (e.g., frequency) or intralist information (e.g., other list items). Baddeley and Hitch's (1993) activation discrimination hypothesis also predicts no influence of word frequency, because they assume that after the memory representations corresponding to the words become activated, the activation decreases at a similar rate for all items, independently of one another, and regardless of information contained in the memory representation (e.g., frequency). Thus, existing theories of recency effects will need to be reformulated to account for the present findings.
One theoretical framework that might be capable of providing the assumptions necessary to extend the theories of recency effects in order to account for the present results in DeLosh and McDaniel's order-encoding hypothesis (DeLosh & McDaniel, 1996; DeLosh et al., 2001) . Originally designed to explain overall recallperformance differences between common (e.g., HF words) and uncommon (e.g., LF words) items as a function of list composition Note. "High" and "Low" refer to word frequency.
in delayed free recall, it is based on the assumption that both item and serial-order information play roles in free-recall performance. Item information can consist of the semantic, orthographic, and/or phonological knowledge known about each list item. The serialorder information can consist of the item's order within a list, relative to other members in a list. DeLosh and McDaniel (1996) proposed that the presentation of LF words results in the encoding of a greater amount of item information, and a lesser amount of order information, relative to those encoded for HF words. Implicitly assumed within the order-encoding framework is the idea that, all else being equal, order information is more important for determining recall than is item information. This hypothesis leads to the following predictions: First, with pure lists, the encoding of order information will be greater for HF words than for LF words, and the encoding of item information will be greater for LF words than for HF words, resulting in a overall HF word advantage. Second, the presence of LF words adjacent to HF words (i.e., in mixed lists) disrupts the encoding of order information relative to that encoded with pure lists. In addition, more item information is encoded about LF words than about HF words. The recall advantage for uncommon items (e.g., LF words) in mixed lists is believed to be the result of an equal amount of order information for HF and LF words, but a greater amount of item information for LF than HF words.
The order-encoding hypothesis does not make any predictions about recency effects, so it is unable to account for the present data. But, by combining assumptions from the order-encoding hypothesis and one of the theories of recency, this may be possible. If one assumes that, in addition to encoding item and serial-order information, extralist information (e.g., positional or contextual information) is also encoded, then the distinctiveness of the extralist information could facilitate recall of items presented in recency serial positions. These recency effects would then be sensitive to word frequency and list composition. This proposal for combining these two types of memory theories is less parsimonious, but appears capable of accounting for the present data.
In summary, the observation that word frequency influences the magnitude of recency effects in free recall and that the pattern of this influence is dependent on the frequency composition of the list are important new findings that present challenges for leading theories of recency effects. Recency effects would be described more accurately as influenced by a combination of item, intralist, and extralist information, and current theories will need to be extended to account for these results.
